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Module No:.. 


Module Title: » . > , 






Natural Sjistems - . " ^ 






-Submodules A ^ ' ^ ^ ^ ' 


• V 


Approx. Time:' 
. 26 Hours . 


1. ' primitive States of Nature • - \ 

2. Aquatix: ^Ecology 
3; Water Pollution, 





Objectives: ^ . ' . • • ^ 

Upon completion of this* module the parti cipetnt should he able to: . * 

1. Describe the natural' cycles of nature and ?jat^ral fresh water supplies including 
lakes, streams, and ground -water. ♦ . 

2. Identify natural relationships and the effect of man. \' 

3^. Identify ^pollutants., describe effects 'of pollution and examijne .corrective 
measures which may be »taken "to control water pollut4*on. J 



Instructioncil -Aids: 




• 


Handouts # 1, .2, 3, 4 ' ' , . 
Transparancies #1-25 . 


> f 




Instructional Approach ^ 


-■ \ "^T^T^ ^ 




• 

Leci;ure ■ 

Discussion ' • 


• 





References: 



1: 



4. 

5/ 

6.' 
7. 

Ir 



0 



Reid & Wood, Ecology of Inland Waters and Estuaries, D/Van Nostrand Co* , 
Kew York, 1976. ^ — , * 

Ford & Monroe, Living Systems , Gcinfiel?! Pr?ss, San Fraocisccf, 1971. . ^ 
Warren, Charles E., Biology and Water Pollution Control , W. B.* Saunders Co. 
Philadelphia, Pg,, 1971. . \ • 

Water Resources of Iowa, 1970. '\ - . ' ' * ^ 

Sarai, Darshan, Ecology & Stream Purification" , Water & Wastewater Technological 
^School, Nepsho, Missouri: • - * . ^ - - ' . 

Chanlett, Emil, Environmental Protection , McGraw Hill, New York, 1973. v. 
lundquist, John B. , A Primer on N|maplogy , Number 1, March 1976, Water Resources'* 
Research Center, University of Minm^sota. . ^ ^ . . 

'Walton, Groundwater Resource Evaluation , McGraw-Hill, Nfew York, 1970.. 

- : , Groundwater and. Wei Is, Johnson Division UOP, St. PauU .1 
Minnesota, 1972.^ , ^ . ' ' - 



Class Assignments: 

Read Handouts 

Work assignetl problems - 



N., 



Mddule Ho: 



Topic:. 
SUMMARY 



Instructfor Wotes: 
i 



Handout # 1 . 
'Transpara|p^cies #1 - 6 



Handout # 2 . ' 
Transparancies # 7 
Handout #.3"* ■ 



12 



Ti^ansparan^cies ^^/s , 

Handout # 4 ' % 
TransparancTfes # - 25 



Page ^ 



of ■ 30 



7 



Instructor Out;ine:. 



1. 



Discus's and illustrate the phys(icar 
properties of i water and the hydrologic 
cycle. 1 . - « 



2. Discuss anq diag 



ram; 



a. A typical food chain 

b. Nitrogen cycle , v 
C. Oxygen cycle , • - 

{ d. Carbon cycle ' - " 

e. Strlfur cycle i ' 

3. Give and work problems relating cycles 
to food chain. 

4. Discuss and illustrate n.atural fresh water 
supplies-including lakes, streams, and 

^ ground water. 

• '/ • 

5., Discuss aquatic ecology with respect to 
intehrelationships of natural populations • 
and the effett man has had on 'the natural 
balance. 

6. Discuss pollution with respect to history, 
.types, sources effect and corrective . 
measures.- ' |r 



Kodule No: , 
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' Submodule Tltlef 



[Approx. T^ne; 
1 hour- 



, Module Title: , 
Natur'al Systems 



Primitive States of Nature 



Topici T 

Chemi cal/Phys i cal -Prbperti es of Water 



[Objectives: f ' ■ * i 

* tipon completion of 'this module*, the participant should be. able -td: 

Ml. Illustrate the water, molecule. -- 4.- T- 

2. Describe to the instructor's satisfaction, the physical properties of. 
water tu include: . < " • 

^ -^5t. Specific heat / ' • , ^ ^ . ' 

b.. Density 
c* . Solvent acti*on . 

llnstruiitibnal Aids: - . ' • ^. ' * ' 



Handout #'r ^ 
Iran s par an cy # !♦ 



Instructional Approach: 



Lecture • 
-Discussion \j 



References; • , , . « 

1, Reid, 8iJWood, Ecology of Inland Waters' and Estuaries , Van 'Nostrand C6., 

^' .New York, .1976. . . " .,0-71^ 

2. Ford^& Monroe. Living Systems . Canfield Press, San Francisco, 197-1, . 
'3. Warren-, Charles, E., Biology & Wa-ter Pollution Control , W. Bv Saunders Co.-, 

Phi<3adelphia, Pal, 1971. .-*..* . . ' 



)(• 1 «s Ass i gnmen ts; 
Read Handout.! 4 



G 



Module -No; 



Instryctor Notes: 
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Topic: 

Chemical/Physical Propefti.es .ofi-Water 



Instructor Outline: ^ 



Transparancy # 1 
Handout '# 1 . 

♦ 

1. Emphasize , . 

1. '-Structure 

2. Bonding using ^ 
. • transparancies 



Illustrate at)d discuss the structure-oY the 
water molecule. . * • • 



than numbers^ Then relate 
concepts to^jliving systems, 



including, 

a/ Specific heat - ' 

b. SolvTpnt action 

c. Densities . 

d. Surface tension^ $nd cohesion* 



\ 



\ 



Module\No: 



jAp^rox. Time: 

0' 

X 

3 hcfurs 



ERIC 



Objectives: ' ' / " , 

Upon completion of this module; the part4cipant sh^ouldbe able to: • • . 

1. Illustrate the hydrological cycle; . . . ' 

.Describe a typical food chain, limiting factors; and energy flow dependent 
on surface water* . , . * 

'3. Demonstrate the relationship of: ^ * 

a* Bacteria and plants in the nitrogen cycle. ^ ^ \ . 
b* Plants and animals rn the oxygen cycle. ' ^ ' 

4. illustrate: • ^ . . . - , * - 

a.' The carjbon cycle.. ^ ^ - 

b; The sulfur -cycle. ^ * . 



r 
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Module Tit!l«:^ 

Natural Systems 



• ) 



-Sul 

7 pV 



ubmodule Title: 
-imiti>ve States of Nature 



Topic: 

^Natural Cycles ' » 



Instructional Aids: 






Handout #1 \ ' , . - 
TrHnsparajicies # 2, 3, 4, 5, 6. 










* 


Instructional Approach: . ^ 


* 




Lecture. ' ^ 
Discussion 


s 

4 






• - / 







References: 



- ^ 



1. Reid & Wo*od, ^Ecology of Inland Waters and Estuaries, D. .Van Nostrahd Co., 
New York, 1976. . ^ • - " • .. 

2. Ford & Mpnroe, Living. Syste ms, Canfield Press, San Franciseo, 1971. 

3. Warren, Charles £.-» Biology & Water Pollution Control , W,..B. Saunders Co., 
Philadelphia, Pa. ,1971. - • ' ' . — - • \ 



Class As5ignn«atsj / 

Read Handout # l/ *' 
.Work given proSTem. " . 



8 
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Topic:, 

Natural Cycles 



InstVucto/ Notes 



Handout #1 

Transparancies''# 2, 3, 4, 5, 6 



y 

Emphasize relationships. 



\ 



I - ' 

Instructor Outline: 



\ 



1 



•i.ln^f fT'/"'^ '^'■''"'•^ hyLlogical cycle 
uswig the termstx . 

a. . Precipitation ' 

b. .Water shed 

c. Percolation 

d. Transpiration 

e. Evaporation ^ 



2. Define food chain and diagram typ\cal food 

. a*d'?^er^Vfo:f""'™ °' "--tingVpaotars 

as ' • ■ 

3. Diagram and discuss the: 



a. Nitrogen cycle 

b. Oxygen cycle 

4: " Dfagrara.and explain the; 

a. Carbon cyclg 

b. Sulfur cycle 



5. Give apd work a problem relating the five 
cycler discuss^ed' and the food chaiS: ^ 




Module No: 



Approx. Time: 



1 hour 



Objectlvesr * * ' ^ ^ - 

Upon completion of this module, the participant should be able to: 

'1. * Define the^ meaning' of n^itural water. • ' 

2. Relate solar radiation to cplor and tAjrbijdity. • 

3. Describe: ' ^ . ^ 

. a. The function, of dissolved gasses in natural waters-, 
b. Dissolved solids. . • ' 



Module Title: 
l&tural byste-ms 



\ Page 

~ y. ■ . 



Subnx>dy1e\Titl6:* 
Primitive btates s9f Nature 



Topic: • 

Natural Waters 



Instructional Aids: 






Handout #*2 / . 




■ . • •• ./ 


f 










f - ^_ ^ — — '■ 


Instructional Approach: - 




1 6 


.Lecture 
^ JiiscussioTi 

N 


• ' ' " V- 


W * 

. ^ — : ^ ;r- 


References: " • ^ " - . 




- " ") . •.. ., 


1. Reid & Wood, Ecology of Inland Weiters 


and Estuaries, D. Van Nostrand Co., 



New York, 1976. 

2. Ford & Monroe, Living Systems) , CanfielcJ P^e&s, San Francisco, 1971. 
3.. Lundquist, Jthn B., A Primer-^on Limno1ogy ,\Number 1, ttcTrch 1975, Water ' . 
• Resourdfes f^esearch Center, University, of Mi\inesota.. 



Class Assignments: 
Read Hand?£t # 2 . . 
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• Topic: 
Natural Waters 



[instructor Notes. 



Handout # 2. 



Emphasize: 

'a. Oxygen^ 
t). Carton ai^il 



Mention* othfer g^jsses/ 



InS'tructor Outline; 



L 'Define natural waters'. 



2. 'Discuss solar radiation °and' describe how'it 
•affects: . ■ ; 

• ' ■ > 

,/ a. Color ' ' ' . . 

b^. TUrbidity ' ' • ' 

t c. Temperature p natural waters 
i _ ■ * ' " ■ , - 

3. Discuss the function of the various gasses' 
dissolved in' natural waters including a 

, {discussion of: ■ 

. J ■■ . " ' : 

*'a.- Oxjdati on- Reduction Potential ' 
b. Chemical buffering. cfip'aci ty 
^ q. pH - ' - 

4. - Describe dissolved splids fiind graup into 
' 3 groups: • - • 

7 • f a* 

a;. Total dissolved solids • 
brother solids in solution . 
c'V Organ ics • 
^ \ . > 



■ I 
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Module- No: . ' 



Afxprox. T|me; 
1 hour 



Objectives: " ' ' • V' ' ' ' " ' ' • • 
•Upon completion of this modul^7^4 parti.cipant should be able to: 

1. Diagram the annual temperature cycle of a natural lake. 

2. List 5 non-peri o'dic and aperiodic movements- in lakes.- x ' 

3-. Explain the importance of dissoK'ed oxygen 'and .carbon dioxide in takes. 
4. ,Clas*sify lakes. . . ' " . ' . "X * • * ' 



Itodule Title: 

• • 

Natural Systems 



Submodule Title: • 
Primitive Stqites of Nature 



Topic: 
Lakes 



Instructional Aids: 
Handout # '\ 

i\ransparancv §7\ 

\ . • 




In(5truVtioaal Approach: 



Lectur^ 
Discus 5;^' on 



References:; 



1. Reid & Wood, Ecology 6 f Ionian d Waters and Estuaries ,' D. Van Nostrand Co.,.^ ., 
New York, 1976. ' • ■ . • ' ' .• 

2\ Ford & Monroe, Living Systems' , Canfield-Press, San Francisco, 1971. 
3.\ Lundquist, Jotin B. , A J^r.imer o.n Limnology ,' Number 1, March .1975, Water 
• Resources Research Cenier, -Uni vers^ily. of Minnesota-.., • . ' 



Class..Assignn)ents:^ 

Read Handout # 2 
Work given problem. 



■12 



... I 







r 

• 


* / , . ^ > ' • 




> 
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* 1 


Nodule- iio:' 
* • ' ' • 


Topic: 
Lgkes 


\ 


• • • 

\ • 


Instruc'tor'Notas: 


Instructor. Out iTne: 




. ■ Handout 'l iZ ' 
« transparancy #7 






• 


Keiate cycle tot 

a. Seasons. 

b. , Circulation 

c. Stratification 

d. Heat budgets - - 

e. Temperature classifications 

f. Zonatipn,. ' 


l^^i.agram pind describe the annual 'temoerature ' ' 
■ cycle of a lake. . . ' . , j 

' 

• - ■ - ' . * > - 

• • < 


* - .1 
\ 


Periodic movement includes 
discussion of: * 

•a. Wind streaks 
b^*^ Dfensity , \ - , • • ^ 
c« Lami/i'ar " , 
d. Eddy effects • * 


• ' . • i 

2. Discuss movement in lakes using periodic 

and non-periodic movement classifications. * 


' . ; * 


Non^perlodic movement* includes 
discussion] of: . - 


'..»■• • ( " ^ 

• ' . ■ I 


* * 


a. Surface waves 

b. , Seiches - . 




• • . . - . - 


1 


* 

' ■ r 




* • 


• < 

> * 




* * 


*• * 


\ ' . , 

• 




^ ' • . ' i ^ " ■ 

1 ' , . ; 


EBJC . : 

L . ._ ._ 


s 

» - 

* * ♦ 


If 

« 


13. ■.. . ■ _ . • • • . . . ; 

• * ... V , 

•* * 
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ftoidule Title: 

^1 Natural Systems 



Approx. Time: 
1 hour 



^^Submodul.e Title: -'^ T" 
Primitive States' of HdXure 



Topic: • 

Streaips 



4- 



Objectives:* , ' . « . • . ' 

Upon completion of this module, the^ parti cipant should^be able to: f 

1. Relate stream size and/mpvement to natural temper'ature^.^iation. 

2. Explain <he importance of dissolved oxygen af>d carbon^dio^ide in streams. 

3. Illustrate' the relationship of origin and morphology of streams. 



InstrucJHonal A'i<ds: 
HandoutT>>2 

Transparancy 17 & 8 , 



r 



Instructional Approach; 
Lecture r 

Discussion '> 



References: ^ ^ ^ . ' , ^ . 

: 1. Reid & Wood, Ecology "of Inland Waters and Estuamgs » K. Van Nostrand Co.; 
llew.York, 1976, " , , • 

2. Ford & Monroe, Li vi ng ^Systems . ^'Canf ielrd Press, §.an Francisco, 1971. 

3. Lundquist, John B. , A Primer on LimnoTogy , Number 1, March* 1975,, Water 
Resources Research Center, University of Minnesota. , ^ 



Class Assfgnnients: 

Re.ad Handout § 2 
Work given. problems.* 



Id 



Module Ho: 



Topic: 
Streams 



Ins^truct6r. Notes: 
^ . 



Handout # 2 • 
^Tran^rancy #/. 



4: 



ansparancy #8 
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Instructor Outline: , 



• 1. Discuss and illustrate how streams size and 
• nxDvement is related, to its natural 
temperature variation. 

2. DisQuss dissolved oxygein Bnd carbon dioxide- 
, in streams with respect to quality of life 

in streams. ' . 

3. Discy^s^and illustrate hw origin determines 
morphology of the stream. 

4. JSive a problem where theu.! earner .will predict 
' outcome-given level? of dissolved oxygen' in 

a given. stream. ' % 




o. 



( 



Module No: 



Approx, Time: . 
.\ Hour 



ftodule TItleT 
Natural Systems 



Submodule. Title: 
Primitive States of 'Nature 



Topic: 

Ground -Water 

— ^r- 



Objectives: 

Upon pompletion of- this module, the .participant should be , able to: 

1/ Identify artisiaji and water table water bearing formations. 
2. Describe, the basic properties of water bearing formations. . 



Instructional Aids: 
•:. Handout # 2 f ' 



Instructfional Approach: 

Lecture- - 
Discussion 



References: . ^ , . 

f , _ — - 

1. Walton, Groundwater Resource Evaluation , McGraw Hill, New York, 1970, 

2. , Ground Water and Wells , "Jbhnson Division UOP, St. Paul, 

Minnesota, 1972. - 



Class Assighittepts: 

Read Handout # 2^ 
Work given problems. 



IG 



« 



Mtfcfule Up: 
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Instructor fJotes: 



Tp(>ic:' 1- , 
Ground iWater' 



, Hahdout #■ 2 




IfvS'tructor Outline: 



\ : — ^ 

1. Discuss and dia'granr 

'a.' Artisian Aquifers 

" ; ' . • . 1. Structure 
2. Flowing 
^ ^ 3. Non-flowing 

2. .Discuss properties of: 



a. Limestone "formation 
*b.\ Sand and gravel formations 



0 
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Module No: 



|Approx. Time: 

2 hours 



'ftodule/ Title: 

Natural Systems 



Submddule lit}^i 
Aqi^atic Ecology 



TOOicr' . • 
N&tural Populations 



Objectives: 



Page of ' .^n 



vUpon completion of this module, the participant. should be able to: 

1/* Relatfe birth rite and life span to natural pppulation growth. 

2. Explain'how several populations can form a community. 

3. List a fo.nn of biological interdependence!. 
L 4. Identify methods- of conmuni cation 



a 7 Mi thin a/ population 
•b. Between faopul'ations 



[Ins^uctional 
L . Handout f 3 



I 



Fins t rue tion.al Approach: 

lecture 
Discussion 



ERLC 



References: 

'1. Reid &fwoad, Ecology of Ipland Waters and Estuari-es , D. Van Nostrarid Co.", 



..i-x New Yo^k, 1976.- - - . , . • ^ . , 

1 ,2 Ford S Monroe, living Systeftis, Canfield Press, San Francisco, 1971. ^ 
3. Warreri,'" Charles f.. Biology & Water Pollution Control' , W. B, Saunders Co, 
Philadelphia, "Pa.', 1971. * . . . v 



Iciass Assignnients:. 
Read HanWout # 3 



,18 



Page 
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Topic: 

Natural Populations 



Instructor Notes: 



Handout # 3 



Instructor Outline: 



Discuss growth and regulation of a 
population in terms of:; ^ 

a. , Bilrth rate < ' 

b. Fobd supply > ' 

c. Preditors and^,disea^e'* 
d^ Life span ^ . • 

e. Distribution 



I 



2. Explairt th^ movement of several populations 
towards becoming a comnunity- 

» • • ' 

3. Discuss* i^nteractipns of populations within 
'a commuiliity in terms of : / 

a. Sumbiosis - commercialism ; ' , - 

b. Nich's I * , ^ 

' 'c. Competition " ' • < 

d. Dominalice 
^ ' e. SaprDphitism • 

f.. Parasitism ' : 
■■'*"'' ' » . ^ 

Discuss :onlmunicatfon with examples of 
communtcitjoh within a population and 
betweert 3ppUlations. > . 
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Module fto: 



Approx. Tfme: 
2 hoUrs- 



Mule Title: 

\Natural Systems' 



Submodi/le Title: 

Aquatic E do logy 



Topio / • 
Natural CommunitieT 



ijec.tives: 



Upon completion of this module,. the participant, should be able to: . > 

k Explain how two cormiunities are dominated or co-dominated by Selected 

populations^ ^ . ' / 

-1. Define\what is meant by -community succession.^ . - 

3 Provide an example of how environmental changes upset succession pattern^s). 



nstructional Aids; - ^ . 
Handouts #3 

Transparancie's #9, 10., & 11 



Instructional Approach: 



^Lecture 
< Discus si on 



References: ^, • * 

1. Reid & Wood, Ecology of Inland Waters and Estuaries . D. Van' Nostrand Cp. ,' 
New York ,/ 1976. : ' • . • ^ " . • 
2 Ford & Monroe ♦ Living Systems , Canfield Press, San Francisco, 1971. 
3*. Warren, Charles E., Biology & Water PoUutvon Control , W. B., Saunders Co., 
■-' Phi la-del phi a.. Pa., 1971.- . ^ 



Clas-s Assignments: 

Read Handout # 4 
Work- given prcJ^lem 



2Q 



Module Ho: 



Page J^^of 30 



topics, 

l^latural >^ommuni ti es 



jJnstructor Notes: 



Handout iS' ^ 
Transparandes #9, 10, & 11 • 
Emphasize: 

Normal* patterns 
2% Upset patterns s 



Instructor Outline; 



\: Discuss,^ with examples, dominance aD<jl 
co-dominance. ^ . - ^ 

2. Discus's and diagram seveYaY succession 
patterns. " . . ^ . 

3. Give learner<an example of a'commiinity 
^ history andiiave'^himAidentify: - 

\ : ' r \ 

' l.S Components- o . , . • 
1. Co-dominance and. dominance ; ^ 
3. Succession pattern . « ' 



Module No: 



a. Food supply ' 

b. Seasonal changes 
T^c. Population diversity 

d. Birth rate and life span 



Approx. Tine: 



2 hours 




ftodule Title: . 

Natural Systems 



Submodule*|4tle: 
Aquatic E!,cology. 



V 



Topic: 

balance within an t co-system 



Objectives: 



— — " 



Upon completion of th)s moduler'the participan^t should be'able to compare'and^' 
contrast balance and /mbaliance in an Eco-system^ u"sihg.§xamp>es of: ' ^\ 



;tru<fti( 



Instrufftional Aids; 

.Handout # 3 



Instructional Approach: 

Lecture 
Discussion 



References: * ► ' 

* /«- * ^ ^ 

1. Reid & Wood, Ecology of Inland Waters and Estuaries , D\ Van^Nostrand Go-,* 

, New York^^ 1976. ' * '^J^^ ^' 

2* /Ford &>M6nroe, Living Systems , Canfield Press, Sa'n Fran^Pfo, 19/71.- - 
3- Warren, Charles E., Biology & Water. Pollution Control ^ W. B. .Saunders Co., 
. Philadelphia, Pa., 1971. . ^ ^ 



Class Assignn^ents: 
ReaVHandout #^3 



22 




, -: C. / ^ 

Tof>.ic: _ _ . 

Balance Within an ETso-system 
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. 5 

A . 



Handout # 3 . 



In discussion of, natural 
regulation include examples 
of: >^ 

l*'""Fobd supply^ 

2. Seasonal changes 

"S. Population d1vsr<;itv > 

4. Birth rate, - 

&. "Life span and preditors 




J 
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Instructor Outline; 



DISCUSS' balance in an Eco-sys tern with' 
emphasis on natural regulation. ■ 



\ 
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Modu4e No: 



A^prox. Time:- 
2 hours. 



)bjectives:^ - ^ - . J ' 

Upon cbmpleti.on of this module, the participant should be able to: ' * 

1. Give examples^of hoW man can exist as a positive force in' natural rejguiati on. 

2. Describe the role man has pjayedjn di^uptjng natural regulation without ^ 



ffedule Tltl^: 

Naturahl - Systems 




Submodule«T1tle: 

Aquatic Ecology 



Topic- 
Effect of Man 



causing .a detrimental effect on the community; 



Instructional Aids: 
Handoutsf # 3 . - / 
Transparancl^s #12 & 13 



lo^^ructional Approach: 



Lecture 5 
Discussion 



References:, * . ■ % . . ^ , ^ 

1. Reid & Wood, fcologyof Inland Waters and Estuaries . Van Nostrand Co., 
New Yprk, 1976. 

2. Ford § Monroe, Living Systems , Canfield Press, San ■ Franci sco, . 19/1. 

3. Warre}?', Charles E., Biology & Water Pollution Control , W. B. Saunders Cj^. 
Philadelphia, Pa., 1971. - , . • 



Class AssignriKnts:.^ 

♦ 

Read: Hamdout # 3 

Work a'ssigfied problems. 
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!• Food supply • 

2. Population distribution 

3. Preditatiqn 

f 

Show examples in: 

Food supply 
2^ Population^ distribution 
3. Preditation 

'Emnhasize differentiating 
regulated and unregulated 
disruption. 



V 



I^Sl true tor Outline: 



1 . Di s how man c^be ' > po^i ti ye.- forte i n 
"atuT^]^re^ula.tion asing.exampl.es,: .' ^" ' 



Di s CUSS. man 's^ role* in disrupting natural * 
regulation :n.order to preserve the community.. 



Give learner ^n example problem "and have hi^n 
Identify: 

a. , food supply 

b. ^ Distribution 
C Competition 

d. Succession 

e. Disruptions^ 
f- Preditation 

\ 



J. 
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Approx. Jiw; 
1 hour 



;todu^e Title: 
^NaturaT^ Systems 



'Submodule/Title: 
Water PiHlutiCn 

y/^ 



Topic: 

Hi s tory .of: Pol 1 ution 



Objectives: ^ ' \' ^ ' . . . : ' " ^ 

Upon compOetibn'of this module, the participant should be able to: 

- 1. Define poMution. , ^ 

Show the relationship of fhe industrial revolution to' water pollution!^ 
3. Cite evidence for the need for a system of water use classification and 
water quality standards. ' * . 



InstriiCtional Aids: 
. Handout 4 



Instructional .Approach: 

Lecture 
Discussion 



References; 



1. Reid &\Jqo(Jj Ecology of Inl^d Waters and Estgaries > D* Van NoStV^and Co* < 
^ New YorL 1976.. ^ . • . - ' f 

2\ Ford & ftenroe, Living Systems , rCanfi eld Press, San Francisco," 197L ' \ 

3. Warren, iChar*les.-^£. , Biology & .Water Pollution C ontrol, W. Saunders Co, 
Philadelphia, Pa:, 1971. ; * . ^ * ; . 

4. Water Resource? of Iowa*, 1970^'. * 



^lass^Assig'nnten ts f . 
Read Handout # 5 



-1/ 



'2^ 




Module Ho: 
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Instructor Notes; 



Topic- 
History of Pollution 
-^^ 



'Han.douy # 4 



1. -Different-fate between 
_^^l5ollution and contamination 



ERIC 





Instructor Outline; 



'1. 



Discu&s' the history of pollation' including: 



1. , DefinitiTon ' 

2. Effect off the industrial revolution 

3. Waste disposal ' ' 

4. Law an<i regulation 

2. Discuss the origin and basis of crUeria 
•standards for water quality. 

3. Discuss the system of water use and waste 
water as a source of pollution. ' 




J' 
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Module No: ^ 


-J 

ftodule Title: ' 

Natural Systems ' * ] ^* ^ 


^S^b^)Odu^eTi;t^e^ " . 
;pster Pollution^ 


Approx. Time: 
1^ hours 


Topic: V ' ' * ' 
•Types and Sbtirces of Pollution / . 



Objectives: , * , ^. •/ ' 

■ ' - ' ' ' ^/ 

Upon completion of tbis module, the participant should be able'to identify the 
'major types of wat^r pollutants and their sources. 



Instructional Aids: 
Handout # 4 



Transparancy #14 



/ 

A' 



Instructional Approachf: 

* 

Lecture 
Discussion 



References: 

* 1. Reid & Wood, Ecology of Inland Waters and Estuaries , D. Vanv Nostrand Co., j 
New York, 1976. ' . . • • 

2. Ford & Monroe, Living Systems' , Canfield Press, San Francisco, 1971. 

3. .Warren, Charles E., Biology & Water Pollution Coritrol , W. ' B. .Saunders Co., 

Philadelphia, Pa., 1971. / - ^ , * 

4. ' Water Resources of Iowa, 1970. \ * ' ^ 

5. Turk, Turk & Wittes, Ecology Pollution Envirohmenj: , W.' B.« Saunders* CdT; 
^ Philadelphia: Pa., 11972. - ^ ^ * 



Class Assignments: 
Read* Handout # .5 , 
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Topic: .\ / 

Types and Sources of Pollution ' 



Instructor Notes: 

- -— 

Handout #4 
I Jransparancy.#l4 



r 



« « 



Instructor Out line: 



1.* Discdss the classification of«eheniica> - 
- pollutants as to: 

*a. Non-degraded ipaterials • 
j^'- Jb. Nutrients 
/ . c. Toxic materials 

2.1 Discuss thermal, biplogical , , and chemical 
. ) pollution sources and the' type of pollution 
i associated with each. •. 



\ 

\ 

\ ^ 

\ 
\ 
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Module No: 



'Objectives: 



Approx. 'Time: 

• * 

3H hours 



IModule Title:' 

latural Systems 



fubmodule ^litle: 
■iter Pollution 



(opic; 

rfects :bf Pallut/ion 



1" 



Upon completion of this module, the particif>ant shbu>d be able to: 

1. Identify "cause & effect" relationships of the 3 major cUsses of chemical 

pollatants .discussed. ' . 
Z. Examine an example of populatio'ti or community adaption, due to thermal 

. pollution. ' X ' ^ 

3. Compare sources, effects',, and duration of. direct and indirect biological 

pollution* * , • * - 



Instructional A^lds: 
Handout # 4 



Instructional Approach: 

Lecture 
Discussion- 



Refererrces:\, *^ . ' »: ^ 

', * ^ ' * ' ^ • 

1. Reid fr^Woo^d, Ecology of Inland' Waters arrd Estuaries , D. Van I^ostrand Co. i 
^ New York, 1976. ^ . • - . — , 

2. Ford' & Monroe, Livipg Systems , -Canfield Press,, San Francisco, 197J. 

3. Warren, Charlies E., Biology & Water Pollution Control , W. B. , launders Co.^ 
Philadelphia; Pa:, 1971, , - 

4. Water Resources of Iowa,* 1970. 

5. Turk, Turk & Wittes, Ecology Pollution Environment , W. B. Saunders.Co. , 
^ Philadelphia, Pa., 1972. - --- 



Class Assignments: 
Read HandoUt 



c 
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j Module Ho: 


Topic: 
Effects 


pi; Pollution ^ 








1 Instructor Notes: ^ 
1 • * " 


- 


, ; i — ^ — 

o^Instructor Out/lne: . ^ 












UHandout # 4 




m 


~ ~ 9 

f 

1 


1 — ' - ^ 

1 I 


• 


.1. Discuss the effect of the chemical " 
• pollutants as related to the following 
classifications: 


r 


1 \ 

1 » ^ * 
1 « 

1 ~ " ♦ ' - 


« 


# a. Non-degraded matenials * 

b. Nutrients ' ' . - ^ ' 

c. Toxic materials 

2. Discuss' the effect of them^ljfellution on 
populations and communities. -T*, 

3. Explain, using examples, bow comnunities 
. ar>d populations have had tb 'actapt,to a 

thermally polluted lake on stream in order 
to survive. 


^ . -1 


DiffereiitjjLte between direct 
and indirect bioiog4cal 
■pollution. 


^- ..'^Is^^ss the sources, effects,, and duration 
of biological pollution.- 


r j 

; 


« 




i - 
^ * 

* f ^ 
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Module Na: . 


• Jtodule 'Title: / ' ^ - * 

Natural Systenis^'- V ' " 


Subwdule Title: ^ , • * " 
Water Pollution ^ ■ . 


Appr^ 


Time:* » 
1 hours 


Topic: 

Corrective Measures for Polluted Waters \ 



Object-ives: ' < , . 

Upon comple.tion of this module? the participant should be able to: 

1. ■ Describe ^he self-purification properties of a stream or lake. 

2. Examine 'the need for and development in water and wastewater management. 



( 



Instructional Aids: 
llVidoutJ 4 

Transparancy,#15 



Instructional ^Approach: 

Lecture • ' 

Discussion 



References: ^ U . ' * . ' \ 

Reid & Wood > - Ecology of Inland Waters and Estuaries , Vaji Nostrand, Co., 
New York, 1976. ^ • 

2. Ford^& Monroe, Living Systems , Caiffield Press, San Francisco, 1971. 

3. Warren, Charles E., 'Biology & Water Pollution Control , W. B. Saunders Co., 
Philadelphia, Pa., 1971. . . , 
Water Resources of Iowa, 1970. 

5. Sarai, Darshan, ^ Ecology & StreW Purification , Water •& Wastewater Technical 

•School, Neosho, Missouri. , * 

6> Chanl^tt, Emil, Er^vi ronmental Protection,^c6raw HAH , New York, 1973. 
Class Assignments: . • 



Read. Handout # 5 
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Instructor Notes 



Handout # 4 ^ 
Transp^arancy #15 
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Topic: . 

\ 

Corrective Measures for Polluted Waters' 



Instructor Out;1ne: 



1.. Discuss the. orga^lisms andVheir role in self- 
pun fi cation covering the follbwing zones; 



1. Clean 

2. Degeneration 

3. Septic ■ 

4. Recovery 



\ 




iscuss water and was,tewater management-: 



a. The need for 

b. The development of 



Natural Systems 
Handout #1 



/ 



Water 



CYCLES IN NATURE 



/ 



Before looking at liying systems, it is^essential to first examfne 
water as water is ba^^c\o all li/e. The water molecule' is very/simple 



le in 



structure as it contains onl^2 elements, oxygen (0) and hydrogen (fi).' In 
order to form water, two hydrogen atShis must cor* ine with ^ oxygen ^tom.' ' 
This process is termed bonding Vnd the-resultant water molecule has- the 



following structure. 




This chemical symbol- for water is written H2D 'indicating not. only 
the elements involve^ but 'proportions as well..- " . * • 



In ^relating water to life, however, discussing basic stru.cture is 



not* enough. Certain physi'cal characteristics must also be. examined. These ■ 
OJiaractenstics include specific heat solvent action, density, cohesion, and 

surface tension. .' - . ' • 

\ . . ■ ■ ^ ' ' '. . 

Specifi c.heat is defined as the amount of heat energy 'required .to 

'raise 1 gram of water 1 degree centigrade. Water requires a great deal of ' ' 
heat ea'ergy to raise the temperature of 1 gram 1 degree centi grade; nherefore, 
it 'is said to have a high specific he^at^ In\^er wards, watfer can hold 
considerable heat energy without changing -in tejnperature. This high heat ' 
capacity of water allows the water to act as a buff6r_to- protect aquatic 
population from rapid temperature changes. ' " 

The ability of vyater to hold over 50 pe^rcent_of the known eT^menfes' in 
solution must also be considered. This is of great importance when the amount 
of nutrients taken into or released from livtng systems via diffusion is tiken 
into consideration. . " * . , . 

"Density properties of water -also play an essential role ,irulivi|J^ 
systems, especially with respect to life in lakes. The:^densfty of fresh water 
is unique in that the maximum density (weight 'per unit vol-ume) is reached at. 
about 4° C. ; therefore, frozen fresh 'w&ter (ice) will^loat creating 
situation where aquiitic Iffe can~ continue in tPie unfrozen depths of a lake. 

. ' Cohesion and surface .tensi^)n are terms usedno describe the - " 
.resistance of a fluid to being pulled .apart. These twp properties "of water 
are essential for many. living syy:em|^to exist. . Pfants for example rely to 



a great- extent on cohfefion'in drawirfg- moisture up from. the roots and surface 
tension provides a firm surface on which 'to live for many small plants 'and 
animals. '. ' ■ , . »~ • . 

35 * ^ 
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Since water is essentia-l^to life, i^jjiu&t remaio aV'avai Table 
entity. Water tf\,ere^ore, moves in a cycli-c jiattern.. This is. illusjrateja 
below in the hydro 
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. w In, ajJdition to water', most nutrien^ also me^ve in ^ cyclic pattern- 
Five* examples of this follow- . " ^ 

The i^ood Chain and Ecological Pyramid 




> ' ■ 1 



The Nitrog&n Cycle ' K 



Atmospheric 
Nitrogen (N2) 



Wastes 



Denitrifyiag 
Bacteria 



^ 




Animals 



Photosynthetic 
Plants 



NO: 



Decomposing. 
\Bacteria 




Nitrate. 
Bacteria 



Nitrite 
Bacteri-a 



Ammoni a . 



Ui*trogen 
Fixing 
Bacteri a 
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The Sulfur Cycle 



Elementary 
Sulfur * 



Bacterial 
Photosynthesis 




Plant and^Animal 
Proteins 



Bacterial 
Oxi dati on 



Sulfates 




- Rocks 

_Sul fur 
Dioxide. 



The ^Phosphorous TycTe 



.Marine / 
/ Sediments ^ 



Insoluble 



Phosphates. , 
'ofi Tand-w* 



Erosion 



Dissolving 



Waste 

'and 

Death 



-J Phosphates *f 
In water 



Plants and 
Animals . 




Bones and teeth ^ 



Practice Problem 



On the following diagram trace the nitrogen cycle in red, the 
sulfur cycle In green, and the carbon cycle in blue. ^ 



SEWAGE GAS 



METHANE ^ 
PRQDUtERS , 



AfTlMAL PROTEIN 



ANIMAL - 
RESPIRATION 




OXYGEN (Og) 
PLANT. PROTEIN 



CARBON 
DIOXIDE 
(CO2) 





DEAD OteANIC \ ' 
MATTER \\ 

\ \ X 




\ 

A 

HYDROGEN \ 
SULFIDE (HgS) 



SULFITE- (SOo) 

I 

SULFATE (SO4) 



■s. 

\ - 
AMMONIA 
'NITROGEN (Nflg) 



NITRlTE 
NITROGEN .(NO2) 



NITRATE 
NITROGEN XNO3)' 



PLANT LI-FE 
SULFUR, AND CARBON CYCIJES OF DECAY 



• ■ Natural Systems 

Handout f2 

NATURAL WATERS ' . ' 

General . . ^ ^ " , 

Natural waters can be described as a "closed water system. Like 
shown in the *hydrologix cycle, natural water moves in a continual cyclic 
motion. Natural waters >incl ude all phases of the hydrologic cycle.- - Water 
found in the atmosphere, in lakes and streams," as precipitation and as ground 
water can be termed fresh water and that .found in the oceans and estuarie^s as 
sea wl^er. • ■ , ' 

Natural water, therefore/ is a finite or^imitgd substance. Unlike 
pure water, natur^^ waterj ^vary in composition.^ Sea water 'and/rainwater will 
vary the least due to their fairly constant 'environment. However, -streams, 
lakes, and ground water vairy a gr6at deal from one area to an-other. Tf>is is 
due to the everchanging environmental conditions as the water moves through 
the different environments*. ^ - - ^ * ^ / 

Solar Radiation'^and Color . . » * I- ' * 

the color of lake is from tinabs orbed light rays passing out of, 
the lake from the original light entering the lak^. Completely pyre water 
will absorb all light that enters and appear nearly bl^ack. This is not ^een 
in natural waters, they normally appear blue* ' ^ - > 

/he observed' blue color of lake water is* the result of light '^ ^.^ 
scattered upward and selective absorption of that light. Scattering of 
light is a function*"'of its wavelength. Blue light is scattered more* than " 
red light^thus more blue light exists in the water before it is absbrbed then 
.red tight. 'All colors of .light is absorbed equally. This can be ' 



Pa^e of H 



diagrammed as fo]lows:' 




' A second factor^of lake color is* the true' color of the water* Lake, 
water may be brown from dirt and s'oil, green from algae or red from ironl 
The observed color is a combination of the color from scattered light and 
the true water color. 

Solar f^adiation and Turbidity . " . • • . 
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Dissolved Gases* 



^ A great' variety of gases are, found dissolved in natrtifal waters. 
Some sucK as hydrogen; nitrogen, NH- 'and HoS .o,ccur in association with 
dissolved solids or biological, activity; they will be discussed in the 
"following section which is concerned with dissolved solids,- The most 

' ' r ■ ' '-^ 

widespread gases to occur in water under natural copd1ti,ons are oxygen and 
cari)on dioxide. In much limnological work, measurement gf the amounts of 
rthesB' two gases present is the first step in any detailed study of the 
ecplogy of a lake: ' . ' * ^ * *l 

Dissolved Solids ^ ' ^ ' 
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LAKES ' 



Temperature in Lake ' \ . y ' ^ 

One of the most important phenomena found in lakes is* the reljation- 
ship between water and temperature as observed in seasonal variations. These 
variations or cycles cause pronounced seasonal changes in the lake. During 

winter, the temperature of the water in moderately deep" lakes is relatively 

\ ^ .^-^ ' . . ' ' 

uniform from surface to bottom. If the lake is ice covered a.cold top layers 

IS founa just un.e. the ice. >„ sp.S„,. ci.c„Utt„„ o. wate.^ ^ 

X 

results with a uniform top to bottom lake temperature. During summer a 
vertical distribution of temperature forms with warm on top and a cold layer 
on the bottom. The tw^l^'ers are separated by a thermocline (zone of rapid 
temperature change) and^there is no mixing between the warm and Cold >ayers* 
•The warm layer is terped 'epiTimnion,\the cold layer hypolimnipn. 

.. In the fall the Jake once again returns to uniform temperature with 
circulation and*n1ixing. 



Movement 



Density cuw^reats result from water of ^a differing density entering a 
water body. The differir^g density may result from temperatdre or high solids 
concentrations. . \ . ' ^ . ^ ^» 

/ ' Wind streaks {l^gmuir lines) or a phenomenon resulting from wind. 

Water, flowM's in the form of\he1ices lying parallel to one another oriented . 
in the direction of tKe^vrhTd. \ The direction of the nel ices, are alternating 
clockwise an<i counterclockwise.. The streaked appearance is caused by 
accumulation of materials in zones of convgrgence. This can be ^ ' . 



4G 



4- 



diagrairimed: 




Surface waves are the jronmon wave case 




ind^ moving across the . 



lake. There is no essential horizontal movement of water with waves* 

Seiche (pronounced "sash") is p^eriodic .current system described as 
a standing* wave in which some stratum of the water in a* b^in oscillates* 
about' one or more nodes. This rocking motion is similar to the motion int.a\ 
bowl' of water when it is bumped. 



Dissolved Oxygen ' - * , ^ ^ 

Of all the chemical subs^tances in natural waterk, oxygen 1s one 
of the most significant. The oxygen avail^kble for metabolic relationships 
in natural waters is ,the water in solution not the^ oxygen in HgJP, water. 

* ' ^ • ' * • " ' V 

^The volume of oxygen ^dis5,olved in water at any given time is a functionr of 
temperature of the water, atmospheric pressure, salinity and biological 
activity. ' 

The solubility of oxygen in watq^r is increased t^oth lowering 
temperature. The amount of oxygen water can hold at 20° C*. is'9.2 mg/1 , at 
5° C. is 12,9'rag/l. « • 

There are two sources, of oxygen- In lakes. The first is wind and 
-itfav^ action, the second is plant life. Oxygen is depleted in a lake by , 

■ - .\: "■- 

animal life and by plants at night. ' 
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— — ■• — ' ^ : ■ — '• ^— 

C'Vassifi cation V . . • . • ' * 

Lakes can be classifie3 according to a system based on productivity, : 
its causes and its effects. In a sense this is an historical system as well 




because many lakes are at different times oligotrophia, mesotrophi^ or 
eutrophic. ' ' • . - 


./ 

• 


01igotroph.ic lakes (from the Greek words meaning "low in nutrients"} 
support relatively low rates of photosynthetic productivity. As the name ^ 

.implies, in these lakes productivity is limited by the supply of nutrients- 

J >- » 

More Specifically, the limiting material .is usually phosphorous in 


; 0 


^ oligotrophic lakes. • 

In an historical senser oligotrophic lakes are ^hough^'^bf as 




'Voung" lakes. Lakes have frequently been created by drastic, geological 
- ' *\ " . ' 

) " • ^ ' ' 
event^', such^as glaciation, that leave uneven land surfaces and depre^^ons^^^ 




* 

•* 

• * 
• 


that can contain lakes* Such events often create infertile landscapes that 
''can support •abundant life only aftfer- colonizing organisms have broken down 
rough cover materials into reasonably, fertile soils. In-such infertile 
environments, lakes often have merger nutrient budgets and are therefore 


-OS . -"^ 


migotrophjc. ' ' / ^ * 


• S — ^ m 

■ 


^] Mesotrophic lakes, are more productive than oligotrophic lakes', . 

^ because they . generally have larger nutrient inputs. They support moderate 

, ^ / . ' . & " 
* ' / ■ f* ' ' 
populations of algae/ and of cwsumer^^himals . Moderately produ^ctive, 

mesotrophtr lakes are nutrient limited as are oligotrophi c lakes I 

Phosphorous aglain usually 'limits algal productivity, but input rates are 




» higher than those for oligotrophic lakes. ' 

• ■ •• . • • , ■ 
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Mes^trophic lakes, may develop periodic algal ^blooms --noticeable 



oom'^ 

population J* n creases that reduce water clarity. 



Eutrophic lakes (from the Greek wor.d meaning "well -nourished"), are 
those that are highly productive because they have abundant nutKent supplies 
Algae macrophytes grow so thickly in some eutrophic lakes that light ' 
penetrates only a short distance •and nutrients below that depth areHised - 
inefficiently. Photosynthesis in some of these lakes is therefore probably 
limited by light rather than by nutrients. In other eutrophic 1 alj:es' ni trogen 
rather than phosphorous may be a limiting nutrientT This means that nitrates 
and ammonia, the nitrogen forms that , are used t>y most algae, are used up' 
before phosphate is in such lakes c^ertain species of blue-gredn al-^ae that 
can fix atmospheric nitrogen hav'e a clear competitive advantage and • 
frequently become dominant ;^ 

Eutrophic Takea show wide seasonal changes in chemical conditions." 
Because of the great amount of organic matter produced in these lakes, much . 
d&cay occurs in the hypolimnion. Therefore, eutrophic lakes frequently show 
almost complete loss of dissolved oxygen below thejthermocline during summers 
Clearly, fish .and most other animals cannot live in^he fiVpolimnion of such • 

lakes. ^ „ . . • . . 

* - r 

Warm-water fish that can live in the epilimnion, however, can be' 

r ' ^ 

quite .productive. Bass., panfish, .pjjce, walleye, carp, xand.b'ull heads thrive ^ 
in many eutrophic lakes. . . 

A eutrophic lake is said to be an^^old" lake— while an oligotrophic 
laRe is "young". ' - ^ ' ' ^ " * 



'^^^^ created by^gtaciatioa* for exe^mple, may begin as a rugged^ 

rocky, or -gravelly basin in an infertile landscape. Plant and animal.* 

' * ' ^ / . * ^ 

productivity is low, at the start. Over a pertp'd of time the land Changes— 

*' • . «■ 

developing fertile sails and active biological ^coniriunities^; meanwhile the 



.•lajce basin- has tecome sTiaH^er -because of the accumulation of plant and 
animal remai-ns. Shall o^^^lakes arejikely to be more productive than deep 
lakes because there is greater likelihood that Jbottom- feeding fish will 
/^recycle algal, nutrients to the epilimnion if the'vertical distance is short, 
and because shallow lakes ha-ve less water to (dilute incomin'g wate^r, which* 
usually lias higher nutrient cX)ncentrations than the lake^ itself. - 't 



It-is important to realize that mariy laVes haye become more 
productive ^ecaas'i^f^ v^rTOUS recent human disruptions. "Eutrophicatipn"«.js 
an appropri ate' ^i^ime foi* ^hi.s progresV, b^jt "a^'jig" is not. The^lncreases in 
product! vity^do i^t- create*'?!' mgtVked- decrease^! n depth ;^ therefore such ' 
artificial eutrophicatrefM<;an bften be terminated, wi^thout leaving pefmanent 
effects related ,to decreased. depth, merely py* controlling^ nutrient inputs. 
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/STREAMS 



Origin an^d Morphology ; ' 

Most streams form their own .channels. This occurs because the 4 

water erode^ the lanci as it moves acros§ the watershed* as runoff. The 

« 

erosion of the land during this is of two types -r mechani.cal and chemical. 
Speed and type of erosion are dependent on a variety of variables including 
water and ground compos iti on > climate and slope. . * . * , 

' Young streams usually, therefore, reveal steep sides which tend , 
to erode to flatter slopes as the stream matures due "to seasonal flooding.. 
With this process, also the' logituiinal gradi ent -decreases . As this aging 



process continues the stream channel,^ becomes almost flat due to continued 
/ ' 

widening and deposition. An old stream therefore has a very limited 
carrying capacity. 

Stream length will vary greatly but the course can be divided 
into 3 basic regions upper middle an^'Jower. ■ Change in velocity, gradient, 
and deposition can be noted as the water floW^-down tj^ stream. 

- Patterns in river develdpment can be related to the surrounding 
geological ^fqrmations. . ■ • 
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Size, Movemetft, and Temperature 

The basic properties of temper-ature cycles are similar .to those 
found in lakes since direct §olar radiation is the major factor in warming. 
Temperature "ffuctuaa;ions in the^rge rapid flowing streams' are minimi^ed^ 
-though due to- the volume and turbidity of such a system'. Also in the 
same respect, it can be noted that as the stream Size decreases, this^ 
fluctuation increases. Regardless of size, thermal stratification is 
minimized due to the turbulance caused by the flow. ^ 

Source of the water being fed into the stream must be considered 
along with size and movement with regards to temperature variation. Streams . 
fed by ground water tend to vary less ip the annual . temper attire cycle than * 
those fed by. other surface wciter sources. - , 

Dissolved Oxygen " 

Similar to lakes^ oxygen is a significant substance necessary" for 
aquatic^ife. -It also varies as a function of the same variables in lakes. 
In streams-there are. 3 primary oxygen sources; water source, photosynthesis- ^ 
and turbulance. ♦ . ' 

Water source, whether. it be ground water or surface runoff, ts an 



insignificant s^ce of oxygen. Photosynthesis varies with ■Uj«<aM)unt of 



plant, life, present. Turbidity then pi aw an important part in reaeratipn 
as oxygen is taken directly from the atr^p^phere and made available for use 



by the, aquatic ecosystem. ..' ' * - 

Like lakes dissolved oxygen content tends to increase by day and 
,then .deplete at night creating a cyclic. curve. • 



Xarbon Dioxide and pH 

pH varies inversely with the carbon dioxide content. However 
carbon diojcide^ content fluctuates with respect to the* surrounding geologic 
format! oas J Qurrent, photosynthesis; and separation as does oxygen content 
but with inverse properties. 

Regardless of whether surface water is a^tre'am or lake, 

dissolved oxygen, temperature, ph, carbon dioxide, and movement can be 

♦ 

related as shown on the following graph. 
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Temperature 



Dissolved Oxygen 



dH 



J^arbon Dioxide 



42:00 ^ 
Midnight 



12:00 • 
Noon 

T^ejof Day 



12:00 ' 
Mi dnight 



Practice. Problems • ' * . - ' ' 

L Streaifl "C" has deep rapid flowing, and an abundaat algae growth * 
and fish population. ,^suming no oxygen consuming waste^is dumped into 
the water diagram a typical daily dis.solved oxygen 'concentration on the 
following graph'. * » ' . * 
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2. On the same gr^ph\iiagram the dissolved oxyjgen curve fer Lake |'B" 

" " ■ - • f 



where condition^ are^table. 
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WATER 



Forniatfor) Morphology . v , , • ' ^ ^ '. 

' ' 

-< Groundwater formations are g)*ou|ied together as a whole and termed^ 

aquifer's. There "are 2 basic types of aquifers -- water table and artesian. 

• . A water table aquifer caa be ;described by the fdllowing dia^gram. 




Ground surface 




\t r T. Statfc water level 



Confining bed 



the artesian aquifer differs, from the water'taBle in that it has 

an upper and lower confining bed. This -leads to a pressurized system. 

V \ 



^\ ~" "^Z — ^ — Istatic ^a'ter level .J 




h 



Groi/Pid sutrface 



'Upper confirming bed,* 
Water l)earing formation 
^ Lower confining bed 



Aquifer Functions • / ' . 

* * 

Storage is the aquifers -first function. /This function is described 

"by^two~teTms^: ~^ ; ^ - 



Porosity is defined as the portion not occupied by rock. It 



indf (Sates how much water the fomiatiop wiTl hold and is affected by partial 
uniformity -and arrangement. Specific yield is how much water* aquifer will 
yield when drained by gravity. That water wh4ch^ is retained is the specific 
retention. , . • 

' ' \ The aquifer also serves as a water xcorfduit. Two different terms. 



desqribe this yunction also. 



Permeability is the capacity qf the yi.eld when a difference in 
head/occurs. ' Chlinge in permeabijity is propbrtijonal to change in difference 
of head and is affected by the particle size.' ^ifransmissibildty is the rate 
of ^ow ill gallons f)§r day through the aquifer. 



_ Moyergent 
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I The movement of water through the font^ations is ve|ry slow*yielding 
a baiance of dhebical .concentrations betv/een the formation pnd the water- 
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^fetwral Systems . 
Handout # 3 



AQUATIC ECOLOGY 



Natural Populations , ' , ^ ' 

A population is defined a$ a group of individuals which interact * 
and interbreed. Inidividuals of any given !popullati on share the following: 
The same genetic pool, similar stitnuli responses, the same habitat, similar 
morphology, and paj^ticular behavioral charjacteristics : ; 

Population survival is diie to adaptability to changing 
environmental conditions. Survival ability is coded in gene pool. Therefore 
survival is a function of the population i|ather than the long individual. 

Population Interactions - ] - 1 ^' * i ^ 

Population growth 'and regulation is dependent on the fonov^fing 
• factors: Birth rate - the rate of jreproduction ^by any given population^, :^ 
food supply - the amount of usable jfood- stuff available to any given^ ^ 
population, preditors and disease f any living entity which survfves^by / 
destruction of»the population in qiiestidn, lifejspan - the time from j . 
birth till death, distribution - the ar^a over ich any given pppuUtion^. 
'is distributed^..-^ ^. >^ ? r i - ^ r f 

The birlLrate qf a popolatfion will decrease with a decrease | 

in food supply. Therefore, a drap^^tic increaseHn the total population | 

/ • : ' ' ^ < ^ > ' - ' i ' 

wiTl limit food/supply and act as^ a limiting fa,^tor.for birth rate. ^ Also^ 

since the birth rate peaks then decrejases during the Life span of e^ch ^ 

individual, tjie average age of a gi ven^ populatibn can play a role in birtlh 



Page _2_ of 

Preditors and disease serve to shorten the. life span^of the 
'individuals of any given population thereby shortening the reproductive 
span Te£rdTTrg~to fewer progeny. Their injury can also debilitate and lead 
.to a lowering of the birth i^te. * . ^ ^ 

r } 

• \ 

^ Distribution of any population also plays-a distinctive, role 
in population growth and regulation. Any given area is- capable of 
PT^oducing sufficient food-supply and nesting areas for a particular size 
'Of population. When this is exceeded the food supply and nesting areas 



are' insufficient and the birth rate in turn declines. If not, the area 
of ^distribution is expanded and must be shared with other populations. 
Preditation, remember, increases as the.distrlbut^ion increases, again 
leadin^g tt> growth regulation." ' 

I ' The populations also have other di rect ^relati^onships -to each 
other lin addition- to those seen in growth and regulation. These ^ |' 
rel atiWships arej grouped into several- categories of which, we will examine J^j 
the following; Symbiotic, saprophytic, conmensali tic and parasitic. |f 
A symbiotic relationship is one*where two dissimilar organisms \% 

live ftgether in. harmony. * J - " ; 

, \ 1 \ ' ' , ^ 

A saprqphit^c organism is one which obtains its^foqd from dead 

^organ' c matter (another organism). ^ ' \ ^ - , H 

I And a {parasitic relationship i's onejn. which one of the two / || 

dissi|iilar organjsms living together is be^nefitesd but the other is harmed. \^ 

' . 'These relationships can be illustrated as follows: , '^*yf' 

,^ 
\ 

i 

•f 
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Commensal ism: The cow stirs up Naturalism:, The bird eats the 
' ^ - insects for the geese ' " parasites off the back-of the elk. 



' * • , Parasitic JRelati on 
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. As several populations live together each develops its niche or 
occupation within the community- Also a system of domijiance is set up 
where one ~or more" (co-dominance) populations control the community. 'In 
this type of system each population takes its place in the food chain or * 
energy flow. * - ^ - t 

Communication is another form of population interactions. 
Communication takes pi ace .within any given population or between different 
populations within a community and can be lookeq. at as a response to stimuli 
Examples of thislpan be seen everywhere in natureV The hi'ss^of a cat when 
approached by a stranger, the folding of some plan\ leaA^es on touch, the 
.call of a duckVjlnd the color change as frui.t ripen^, are all examples of, 
^ cormiuni cation 'rio^ oo-ly within a population but beiweea the ^populations. 

From'the previous discussions of -Various forms olf population 

J 1 / ^ ^ ^ ' ' ' ' 

interactions it |hould be^vious why populations do not Ifve in isolation 

, from Other piopulations. |Just as an individual relies on o^^er ipdividuals 

' ^jf ' ' f ' * ^ ' . ? , 

■for support injlife, populations snow thef same dependence on other 

^» " ' ' ^ i 1 . ' ^ r : • » . 

populations. Therefore, corrpatable groups of populations interact to form 

conmunity life* \ 

I 

i 

Community vLife ^ 

* A co^uhity can!be described asj a group of interdepenc(ent/_ 
populations which have colonized a given location. A commlinity ''s survival 
'is dependent oil lenvironinSfttal conditions fin that location.^ Therefore, as 
conditions chanae the community chaiprge|* New populations appear, the old 

' 1 ; ^ < - ' , 

i 
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disappear and the overall changes in the conmunity determine its >survival 
due to massive population interrelationships within the community. 


• 


As briefly mentioned vfi the dis'cussion' of populations, - , 
comnunity life is controlleOj^ dominant populations. Dominance , should 
not be confused with predominance- The predominant population in a 
coimiunity is simply the one with the greatest number. The dominant populatior 
on the other^hand, controls the community environment and thereby other _ 
populations which may enter the conmunity. An example of dominance can be 
seen by 'the following: 






• 










• 




' r' ■ • . , 


* " * . . . *■ ■ 


,' < ■' ' 
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, Control of the community can also be split between two or more t 

•I ' 

populations. When- this is evident we are looking at a system of • 
co-domi Ranee; An example of this is illustrated below. ^ 



Page of ' ^ 



Living- communities are continually changing to meet with the 
requirements of a changing environment. New populations move in and old 
populatiohs are f prced Tout . ^TRis coinmini ty "cfiangezd^tenrTed successi on . 
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As^^trcceSsion of a conmunity 'continues' a more and more stable . 
and more gomplex community is formed. An endi point of sorts is reached 



when the communvty. de'Velops into a stable, self ^repai n ng systeni. This 
then is^ternled a climax community. An example* of such a community is 



illustrated lielow. 
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Eco-syjtem Balance ' • - 

/' ^We have/ already examined food supply, b>rth rate, population * - 
^distribati^prrrxetc. as they relate ^o growth and regulation of the population/ 
Now let us lopk at them as they relate to balance within a cormiunjty ?ind an 



entire eco-SfVstem. 



The food supply fjor arty one population is only a part of the ' . 
massive food web of the conmunity. Food, as energy, flows from ^one population 
to another. As illustrated in the fgod chain, the plants; use the products 
from microorganisms, the herbivcjres ^at the plant material^', anjd the 



camivorious population consdfme.the herbivores and other small animals. Any 
break in this cycle endangers the existance of the entire commumty. Seasonal 

' ' ' -J 1 ' ' ' / » 

changes also help regulate the l^alance of the eco-system. ''In niany communities 
populations change with the seasons., This is mainly ^ue^td^ajl^e rations in 
temper at ure^'and light. These changes are also cyclic and result in little, 

if any, permanent environmental j changes . However, balance^ of Ijhe^'co- system ^ 

• , ^ - ^ ; / ' • i \ I ^ ^ ^ ' \ 

depends on these> cyclic ^changes. • ^ ' 

Population diversity *aTso ^*adds stabili ty"^to the cdmmtinity eco-system 
' ) f i ' , ^ ? ' ' 

A more highly diversfe ccJmmunit)^ is able^to withstand greater environmenta^l 

changes without adversely affectirig jthe integrity- of the commurji ty than ope 

with les$ diversion. ) i / ^ ) ^ > 



The birth rate,t Iffe span, antl loss through preditation and disease 
also , play distinct ,role^ in eca-sysfem balance. As loog^ as the physical , / 
-stat^ of the environment remains coristant, it is th^ factors which k^eps ' 
the .biological Systems in balance- ] ' 



' 65'. 
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Effect of Man 



In thejiourse of history, /man has exerted both positive and 



" negative effects on 'the surroun^ing^aquatic eco-s$xstejns. Unforrunately, 
^ it has been the detrimental effect ^hich have b^en publicizedv This will 

be discussed later>under pollution, .1 * 
\ ^ The beneficial effect of man can be looked at in two ways. .Man 

\ is capable of being a positi,ve force, in natural regulation. This can be 
I illustrated by the following situations. . . 



I 
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Man also is capable of disrupting natural j'egulation to the 
benefit fxf comnuni ty or any given population. The following situations 
illustrate this concept. - . - 



) 
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> / ' Natural Systems / 

• ^' M ^ . ' ^ Handout # 4 

; ; ' 

WATER' POLLUTION - ^ . 

Hi story , ' * . ' ' % ' ; 

■Since life is impossible*'without djpi adequate supply of ffesh 

water X man Is activjii-es have always been centered around this precious 

comnodity. Records as early as '2000 B. C. describe methods of purifying 

water and modifications of this contin\ies through tpday. Water, however, * 

has not. always bee^Kconsi'dered a limited .commodity. There has been many 

instances in history where man has simply moved on when, his activities 

fouled the water" to the point where it was no longer usable. Today's 

society his forced man to recognize the value of water, conserve its us?, , 

and reclaim its quality before returning 1\ to the environment, Failure 

to reclaim used water lea^ to continued fouling or pollution of the . . ' 

• • V . ■ • ■ / " 

environment which can no longer be tolerated.^ , - * 

' - • - .\ ' , ' 

Pollution isr a term which can be applied to all phases of, the » 
environment including air, water, noise, etd. Pollution has been defined 
in-a variety of terms throughout^i story. Many times incorrectly where * 
emotions took precedent over rational. The most commonly accepted definition 
today could be worded as follows: • • . 
> Pollution: Thep introduction of a substapce iOrto a , 

' valuable community in such concentration that one 
or more environment changes occur causing an adverse* 



effect to that community/ ' ' 

This definition can be -illustrated.by looking at any type of pollutant. ' 



Let us look ^ at the ^'tuation with water. 



'"1 
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Historically, water- pollution has been- proportional, to the 

• development of human society. Primitive man, wandering alone or in small 

. groups, created little pollution effects as nature could iNsadily decompose 

the potential pollutants he created. With -the advent of communal- societies 

and eventually the industrial revolution these potential pollutants reached 

the crucial concentration and began adversely affecting the surrounding 

environment. Communities were required to change or become extinct. 

i * • 

From this'it'ls' evident that ^ome" type of-cpntroVof the dumping^ 

^ " * ' 

of pollutants had to-b'e developed. Also, water use classification became, 

necessary as our lakes and*streams were being forced to the limits of their 

self-purifying abilities* Since our surface waters arereused several times, 

laws regulating the use of these raw waters and the dumpirig of wastewater 

ii^to them were created. , ^ 

Th^regulations governing wastewater disposal allow for some use 

of the receiving waters for final purification but the majority' of the • 

degradation is lione artifically in treatment facilities 'in order to protect 

the community life of the receiving stream^ This can T^e- ill^ustrated as - 

follows: 



Reclamation^ Reuse 

Stream" 
Conventionar ^^.,..^!^ 

• 1* I 




Progression af use 



r70 




Surface water will vary ^i^n quality due ''to nat.uraly occuring'* ' r, - 
pollution as well as man-made prob|erns. Therefore, it has been necessary 
to regulate the quality with respert to use of raw waters in order to protect 

man from harming himself even further • These regulations are based on 

' - i ' • ' ' 

intended use ci nee a higher level* of pollutants can be <;^llowed* in a patable 

water supply^ where the water will be treated before, consumption* tjiaR in a 



shellfish harvesting area- from wMch the, shellfish are often eaten raw. 



This ^can readily be illustrated by examining the ma)5:imum allowable limits 
for conform bacteria in the various intended uses. 

Potable water -'*V/100 mis. 
Shellfish harvesting - 70/100 mis. 
, Recreation - 1000/100 mis. • - * 
Fish & Wildlife piopagati on • • ' 5000/ 100 ,ml . ^ ^ ~ 
, ' ■ , Raw water r 10,000/100 mis." / ' 



Water Pollutants 



The types of water pollutants can be classified in a variety of * 
.ways. The following discussion' will look at chemical pollQtants, biological . 
pollutants, and thermal pollutants wi th Yespect to sources of each and their 
direct.and indirect effects on the surrounding cormuni ties. Some of 'the 
major pollutants, their sources and effects can be^t be^summarizecfas follows: 



/ 



^^Pollutant Type 



Major Sources 



►Primary Effects 



Chemi cal 



Nutrient 



Non-degraded 
Materials 



v Toxic 
Materials 
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Nitrogen and 

Phosphorous 

Conipoands 



Inorgafiic 
Suspended 
Solids 



Oxygen 

Consuming 

Matter 



Acids and 
Alkalis " 



Nitrates 



Chlorides 
and 

Sulfates 



Heavy Metals 
^ i .e. 'Mercury 
Lead " 



Agri cultural,, runoff 
Domestic wastes 
Industrial wastes 



Algae blooms and excessive 
weed growth ' | • 



Mining draina'ge 
Land erosiort 



Turbidtty which interferes 
with photosyn4:hesis and 
blanketing which srnother 
bottom' life activities 



Feedlot rurroff 
Domestic wastes. 
Industrial wastjes 



Depletes dissolved oxygen in 
ijeceiving waters thereby 
stiffling aquatiici life and 
producing unpleasant tastes 
and odors. , 



Industrial wastes 
• Mining Drainage 



fluctuations in;pf1 ^eliminating 
less tolerant species - 



■ Agricultural rurfoff 
Industrial wastes • 
* Dome^ic wastes * 



Nitrate poisoning leading 
^0 "death df infarcts and 
animaJs 



'Industrial brines 
Urtfan street^ 
runoff, (winter) 



Tast impaiMient and 
laxative en^ec'ts 



Industrial Hastes 



'Toxic. to humans 
Mercury: Comifotind ^stable and 
cumulative 

Lead: Inhabits bacterial 
decomposition ;of.»organics 
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Pollutant Type, 



Major Sources 



Bi ologi cal Mi croorganisnis 




Thermal 



Higher Plants 
and Animals 



Heated 
.Water 
Discharge 



Domestic wastes 
Feedlot runoff. 



Algae 
Blooms 



Side^ff^^t of^ * 
chemical^ pollution 
(nutrients) or thermal 
pollution 



Decomposing 
Aquati c • • 
Animals 



Side effect* of 
chemical panutjion_ 
(depleted clxygeh or 
toxic materials) 



Excessive 

Weed 

Growth 



Side effett of 
chemica-1 pollution 
(jiutrieijits) o)r thermal 
poTlution 



Increase in 
natural water 
temperature 



Industrial: and power 
plant cooling waters 



Primary Effects 



Disease Transmission 



Increased depletion of 
dissolved oxygea leading 
to stress of other aquatic 
life ^and production of 
taste and odor-producing 
compounds ' . 



Putrifi cation of stream 
or lake 



Increased depletion of. 
dissolved oy^ygen leading 
to stress of other aquattt. 
lif-e.and production of 
tas^tG .and odor-producing 
compounds ' 



Accel er*ates depletion of 
dissolved (Txygen, growth of 
•blue-greep algae blooms^ ' - 
'f^tajte and odor production, 
•vand'stress on oxygen dependent, 
aquatic life.- " . 
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ures 



Questions are continually rajsed as to what ^ can be done to correct 
' the {)onutidn problems man has* created. Also methods of determining' to 
what extent the pollution is altering the communities of the lake or stream, 
^are being investi ga;ted. ' • , " 

. As far as man is concerned, little can be dona to correct the 
affects of those pollutants already introduced into the lake or stream. 
Prevention of new pollutant? entering is the best corrective measure for 
already polluted and still »clean waters. ^ 

This raises the question how can man determine -if the potentially, 
polluting wastes are in fact polluting the lake or stream? A variety of 
biological indicators have been developed to aid in thfis determination. 
Researchers have examined communities* before and after pollutants have 
entered and foun.d that the populatiojis in; the. conmunity react differently - 
.to the^ various pollutants. As the, .pollution concentration increases the 
populations of the less resistant sp^ies are decreased leading to an increase 
of the more resistant species if the preditors are eliminated by^the 
pollutants. There are other cases of the more' re^^ist^ant species increasing 
in numbers due topless competition also. 'Whatever the ^underlying reason for 
this increase the cause is the pollutant concentration.' ' . 

Lakes and streams naturalTy will attempt to correct the pollution 
effects. Dilution plays a niajor role in correction of pollution problems? 
As the concentration decreases sensitive populatiorvs -return. Community 
balance then is restored and the ^ollutaifts can be effectively reduced. 
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TRANSPAR^CY LIST 

Transparancy #1 The' Water Molecule 
Transparancy #2 The Hydrologic Cycle 
Transparancy #3 Food Web 
Transparancy #4 Nitrogen Cycle 
Transparancy #5 Carbon and Oxygen Cycles 
Transparancy #6 Problem Solution 
Tr^ansFparancy #7 Daily- Cycles in ffatural Waters 
Transparancy #8 ^roblelh Solution 
Transparancy 35^9/ Success ton .. -^ 

Transparancy #Ao • Dominance . ' ^ . 

Transparancy #11 C6-domi nation 
Transparancy /#12 Man^s a Positive Force , 
Transparancy #13 Controlled Disruption by Man 
Transparai/cy fl4 Types and Sources of Pollution 
Trans'pa/ancy #15 Water Reuse 



i Food Web in am Muatic Habitat 



Phytoplanktons • 



RooTCD Plants 



,Zdoplanktons 



.Organic TfeTRiTUS 



J*- Herbivorous Cristai 
% Insects- 

Targe fish — 




P^IUM FI^ 



WoRMS^ Mayflies^, Midges 



Small fish 
♦.'Crayfish 





r 



Atmospheric 
^Nitrogen (N2) 




Dmitri fying 
» Bacteria 




Animals 



Photosynthetft 
Plants 



Death 



Decomposing 
Bacteria 



NO, 



Nitrate 
Bacteria* 
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Nitrogen 

Fixing 

Bacteria 



Practice Problem Solution 
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> SEWAGE .6^ 



METHANE PRODUCERS 



.DEAD ORGANIC.^^ 
MATTER ;^ \ 



^ONIA 



ANIK/^rPROTEIN 



\ \\~\ OGEN CNff2) 




R,£D 



ITRITE. 



NnF3GE.N (NOp) 



^^TE; ■ 

GEN (N03)-, 



-Plant 



■PLAM LIFE 

THE, NITROGEN, SULFUR, '^iD CAPBON CYCLES OF DECAY" / /' 
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Module Nb: 



Appr6x« Tfmei 
r 1/3 hour 



Objectives 



Modyle Title: 
Natura-I Systems 



Submodule Title: 
Primitive States of Nature 



EVALUATION Part' A 



Upon completion of this module the participant should be able to correctly answer 
7555' of the followTTig evaluation qu^stiorfs. * ^ ' 

Evaluatiion Questions ' ' • * . v » . ' ^ 



Choose the' best answer 



1. The-water m&lecule f s •cliemi cally abbreviated 
a.^'KO 



_c. HgO 



^d.- H2O2 



2/|As water* freezes, its density 
! . a . Increases 

^ b. Decreases ' • ' 

* ' ^c. Remains unchanged^ 

3. |n the nitro gen cycte, denitrifying bacteria 

f ^ ^a. Convert .atmospheric; N2 to NH3 

b.^ Convert NH3 to atmospheric f(2 



/ 



__c. Convert* NH3. to^NOg* 
' Convert NQ2 to, NH3 . 



4. Green plants give off • 

a > Oxygen 
. b > 'Carbon dioxide 
. ' c. Carbon monoxid4 



as a gjaseoQs byjfroduct^ of photosynthesis 



v. 



J 



^d^. Hydrogen 



.95 
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Herbivors are anljua^ls : whose diet consists^ chiefly or entirelyTof 

a. Decaying plants and^animals • 

b. Small animals . - ^ - ■ 



c. Industrial sewagb 



drAPlant matter 



^ 7. 



The hydro^gic, cycle, - • ' . 

) . • ..... 

- a. Is the cycli movement of the earth's saline water supply 

b. Is the cyjclTc mpyement of the eainth's^^resh Water; supply 

^c. Is the cyclic movement qf the^'earthis hydrogen sUppl^i^ 

.Which is n^b^a. t^t,cal f(^|l chain progjf^ssion 
-a.' Wheat bull snakes " 



0 / ^ 

mice 



_b. P.lants" 'v.. deer A cougar 
c. Corn V-mide * tats 



■8. 



d." Alga^^ plankton ' fish ' V v 

Which of the fofioy/i-njKre ex^mp^s of limiting factors 



ja. • Depletion of ^trient^supplies , t 
b. Accumulation ofi toxic wa^te material ^ 



c. 



Predi tatlon 
.disease , 



r 



Solai* radiation, 'color, 'and turbfdilTy.-Tof natural waters areNn 
True 




. b. ' False 



related. 



- > 



4 * 



10. Natural waters can be 'defined as: Water as it occurs .in' its natural 
state, usually containing other solid, liquid, or gaseous materials^ 
• in solution or suspension. , . . - . 

a • True • ' 4 . 

, ' b. False. ' ^' ^ ' ^ " / 



11. * The annual temperature cycle of a lake takes into consideration which\of 
the followihg: * ' - 

' ' a . LigKt absorption . ' 



_b. Heat dynamics 



_C. Density- phenomina*; 



d. * Wind action 



Jtjimictic lakes are, ones which have a jnaximum temperature of 4^*C. 



J2 a . True 

b. Falser 



7 

13. ^ Dissolveti .oxygen lev61 is generally in an old slow, ntoving, stream 

' than a young rapid moving* supplies • s . 

a. Jhe same as ^ ' . . . / \ - 

• b. Higher ' ' ^ ' " • 

c.^ LoWeV . . ' '"^ ' ' *' ^ 



14.- What is the- effect on population divers^ity as a>*stram ages. 

r a. Population diversity increases • ' . . ^ 

b . Population 'diversity remains constant 

' .0 . Population diversity continual,"^ decreases 

d.. , Population diversity increases for*a'time then begins to decrease 

as- the stream^ gets old. , . ^, 



15. < An. artisian aquifer is the same* as an unconfined aquifer. 



a. True < 



J>. False , ^ 97''' . ' • . . '' •'. 



Z3 



.V 
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16., 



A good -water bearing- formation has -titgh pqrosity, permeability, and 
transmissibility. ' • . . 



a*«. True « 



b, -'False 




V 



r 
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EVALUATION^ ?art A 



81/ a, b> c, d, (all are correclj) 
9, a. 



10. 


1^ 






■11. 


a 


12. 


b 


13'." 


c. 


14. 




15. 


b 


16. 


a 



Instructor Outline: 



The instructor shall give- the participants ' ^ 
Ev^aluation - Part A after' completing Natural 
Systems - Primative States of Nature, ' 




s 
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e .No: 



-Approx. Time: 
1/3 hour 



Module Title: 
Natural Syg^ms 



S-ubmodule-Tiue: • 
Aquatic Ecology 



EVALUATION - Part B 

\ 



Objectives: 

w 

Upon completiefn of this module the 'participants should be; able to correctly answer 
75*% of the evaluation questions." • - ' ' _ ^ 



Evaluation Questions , . 
V 1^ Cho^e the best' answer 



High birth rate combined with anextended 

a. • Exti action • . 

- .b . Overpopul ati on > 

c. Stabilized 'population 

d^ , None of the above - 



Jrif^ span can lead 



to 



2. Coranunities are formed due to the interdependence of t'lTe various populations^ 



\ 

3. 



ja; True 
b. False 



Which of the following terminologies represent some form of interdependence ^ 
between popul at i ons . 



ja. Parasitism 
_b. Mutalism 
c. Preditation 



jd , Mati ng 



Communication can take place only within a giVen population 
. a . True - ^ • » 

b. False • . 
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Succession c^in transform ^ . •* . ' . * . 

a. A rocky hillside into a soit capable of supporting treejs and 

shrubs. . ' , " 

_b. A lake into land capat)1e of ^upp'Jrting trees- and %hrubs. 



c. Both a and b 



Co- dorai nance of a community can be defined. as . .-^ 

^a. Control of the cOnmunity's environment by 2 or*more popUlat^ions 



b. Two of more populations baVing the same largest numbers 
_c< The 2' largest animals of a conmunity by size. 



♦Comnunity succession is a naturaT process ^ 

a. True ^ ' . 

'False ^ , . <C 



tJhich of the following, environmental changes can up^^a succession 
pattern? , ' • , . 

ai^Dramatic change, In flow of a -stream 

b. A fire wiping out a large forest 

c. Man damming up a'river - ' - - . ( 



limiting the food siJpply of 1 population- has the capability of limiting 
the growth of the>entire*cormiun1 ty/ 

a. True . * - 



J). . FaT^e 



Population xliversity ' , 

j_ a. ' Creates instability in a community ecosystem; 

b . Adds stabil-ity -to a^rcorrmuni ty ecosystem 
' Ci Has little effect on a conmurTity ecosystem 
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11. Seasonal changes of a community^ ecosystem is mainly due to changes in 
temperature? and light. ^ ' ^ ^ 

a . True - ' . ; • ^ 

b. False • ^ • ^ . 



12. Seasonal changes of ^ community result in major permanent environmental 

• changes. , r» ' * . "^^^ 

■ ■ ■ - . r ■ i 

a. True ^ • • . - 



s 



hf.,^ False 



13. - 16 , Effect of man . ' ' 

13. Man is always a detrimental force in comnunity ecology. ^ , 
, a. True, ' • ' • 

' b. False . 

14. Man's chief effect on an ecosystem is to - ' ^ \ 
ji. Make it more 'comples^ 



^ * b. Ru-in it 



_c. Simplify it 

s seVi: 



_ci. Introduce stress sensitive plants/ h ^ 



IB. - Cooling tower^ are used to ' ' 

a .- Eliminate the need-for^ stream ^r lake 
\ b./ Relieve ther^il loading of a stream or lake^ 



j:. .Control chemical pollution 



^ d.^ E3imin'ate algae growth' 



-10^ 



V • 



/ 
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Instructor Notes: 



Answers^ " 

1. b. ■ 

' 2. a 

3. a, b, & c 

4. b 

5. 'c ' 

6. a 

7. a 

B, a, b, & c 

'9. a 

10.. b 

n. ' a 

13^ b . 

14. c- 

15. ■ b- 



c 
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.Instryctor. Outline;; 



"The instructor shall give the participant 
Evaluation -■ Part' B after* Complejting Natural. 
"Systems - Aquatic Ecology. . i 
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Module No: 



Approx. Jime: ^ 
1/3 hour ^ 



Module Title: ; 
rWaturaV Systems 



J- ■ 



-Submodule Title: 
Water Pollution' 



EVAnumONc:Part C 



ObjectiiVesr 

Upon conpVelion the participant should be able to correctly answer 7B% of the 
following ^valuatl^n questions. ^ ^ 

Eval\jation Questions * c - ' 



•Choose the best answer 

• L^ Pollution can also be termed as: 

. a . Enh>ancing the environment 



I 



b» Stabiilfzing the environ-ment 



_c. *^ Fouling the environment 



_d. ^ Studying the environment 



2. .Water pollution is proportional to the development 'of human society 
a . True • • . " 

■ b. False ' 



\ 



Industrial wastes are major cor^tribators of which of the following pollutant's 
a. Nitrogen'and phosphorous compounds* ' . ' 



_b. Inorganic suspended solids 
c. Acids and .alkalis 



7 



_d, ^Nitrates ^ 



je. Heavy meta'te 



_f. Pathogenic bacteria 
_g. Thermal increases 



/ 



..Algae blooms are a side effect of 
• • • . . 

a.^e^Nutrient oollution' ^ 



b. Winter. ' C 

V . - ^ / 

_c. Inorganic suspended solids pollution 



jd/ Sulfate and cMoride polliition 



Winter street runoff is a major source of clTloride an'd sulfate.* 
poMution. . ' ^ - " * * 



_a. Tru^ 
b. False 



Match, the pollutant type wtth the primary, effect 



_a. Nitrogen and phosphorous compounds 
^b: Inorganic suspended sljids - ' *' 
Heavy metals 



^d. >^ids , a1id •alkalis 



e. Chlorides and sulfates 
— * 

_f. Oxygen consuming matter 

J. Nitrates 



*1. Fluctuations in pH 

1\ Infant paisqning 

'3. Turbiditv increase \ 

4. Algae blooms* 

5. Laxative effects 

6. Depletes oxygen Supply 

7. Toxic to alV humans 



Turbidfty ' ''x 

* a . ^Interferes with* .photosynthesis 
_^_b. Is unimportant as ^a« poll uti on effect 



/ 



_c. Smothers bottom life activijties 
d. Both a &nd c . . 



r 
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/ ■ - 

jfB. Depleted oxy^n supply 

^ a. Rifles aquatic, life 

, ^' > b . Stimulates squatic life 

^ Creates algae blooms. 



^ ^d. None of the above 



9. , Excessive weed growth leads to what*^ of the following effects 

I a. Transmission of disease* 

b. Infant poisoning 



\ 



_c. Increased depletiorN)f dissolved oxygen 



d.. Taste and odor .production 



10. Which of the fallowing^ can \be termed a direct biological pollutant 
V_a*. Algae blooms : ■ ' 



br. Pathogenic bacteria 



jc/ Decomposing aquatic animals 



_d. Excessive weed growth 



- 11; the best corrective measure'for pollution's prevention, 
a. True 



Jd.^ False 



13. ,Dilution plays only a smai^l pferl^in stream self-pu-rlficati^^. . 
a. ' True - 



b . False \ . . / 



.J3. Immediately following introduction of org&nic wastes into a receiving 
river ♦there is a zone of ' ^ * 

. ja. Degradation * * , 



b. ' 'Decomposition 



c. -Recovery - - \ • 

^' ^ ' lOG — ^ ^ 

Cleaner water 



14, ' Oxygen^ s ag. ts proport?x)nal to the amaunf of organic w^iste introduced. 

a. True . • i * . ' * 

' b. False . ' * . . 



15, Water reuse is 



_dv^ Not nex:&ss a ry 



. h. Is cons tantly„ occurring 



Can onlv be done in Neural comnuni ties 
_d*' Will only^ begin if the-rain stops 



107'' 
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Topic: 

EVALUATION* - Part C 



Instructor Notes: 



jyers 



1. 
2. 



c 

a- 



3. a, c, d, e, g 

4. a . 

5. a • ' 
,6. a- 4 

' b - 3 
c - 7 
d" - 1 
^ - S ^ 
t - 6 

g-- 2 " 
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7. 


d . 


8. 


a 


9. ■ 


c & 


iq: 


b 






Jl. -> 


a 


.12. 


b • 


13-. , 


a 


•i4. 


a 


15. 


b ' 



Instruetor^Outiine: 



The ijistructor sball •give t-he participants, 
. Evaluation - Part C after completing Naturf* 
Systems. Water Pplluti on. . 



-J. 



